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The  USAF  School  of  Aerospace  Medicine,  as  part  of  its  ongoing  research  in  air- 
crew  physiological  response,  has  been  interested  in  the  capability  of  nonin¬ 
vasive  measurement  of  arterial  blood  oxygen  saturation  during  flying  opera¬ 
tions.  This  report  addresses  ear  oximetry  techniques  as  on?  of  the  candidate 
technologies  for  that  measurement.  A  brief  review  of  the  history  and  present 
state-of-the-art  of  ear  oximetry  is  presented.  Related  and  alternate  technol¬ 
ogies  for  measurement  of  arterial  blood  oxygen  saturation  are  also  discussed. 
The  study  concludes  that  the  current  state-of-the-art  of  ear  oximetry  does  not 
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yield  itself  to  development  of  a  noninvasive  measurement  device  that  satisfies 
the  severely  restrictive  constraints  of  size,  weight,  and  power  consumption 
required  by  inflight  appl ications.  The  report  recommends  that  related  or  alter¬ 
nate  technologies,  including  transcutaneous  oxygen  electrodes,  be  Investigated. 
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APPROACHES  TO  I  ME  LIGHT  EAR  OXIMETRY 


INTRODUCTION 

The  USAF  School  of  Aerospace  Medicine  (USAFSAM),  as  part  of  its  ongoing 
research  on  aircrew  physiological  response,  lias  been  interested  in  the  capa¬ 
bility  of  noninvasive  measurement  of  arterial  oxygen  saturation.  For  centri¬ 
fuge  experiments  the  Hewlett-Packard  ear  oximeter,  Model  47201A,  has  been 
successfully  used  both  at  USAFSAM  (1)  and  elsewhere  (2).  However,  the  config¬ 
uration  of  the  Hewlett-Packard  device  is  not  suitable  for  inflight  use.  The 
USAF  School  of  Aerospace  Medicine  has  therefore  been  interested  in  the 
development  of  an  ear  oximeter  that  would  meet  the  restrictive  inflight 
requirements  associated  with  ease  of  use,  reliability,  size,  weight,  and  power 
needs  (see  specifications--Appendix  A). 

This  report  is  a  review  of  the  history  and  present  state-of-the-art  of  ear 
oximetry  with  respect  to  its  potential  for  inflight  use.  The  report  also  con¬ 
tains  recommendations  with  respect  to  specifications  and  possible  alternative 
measurement  techniques. 


HISTORY 

The  observation  that  oxygenated  blood  is  much  more  transparent  to  red 
light  than  deoxygenated  blood  and  that  this  characteristic  could  be  used  to 
measure  oxygen  saturation  is  attributed  to  independent  work  by  Kramer  (3)  and 
Matthes  (4).  This  method  requires  the  measurement  of  the  transmission  of 
light  of  a  suitable  wavelength  through  the  blood.  For  this  to  be  accomplished 
noninvasively,  the  ear  flap  was  suggested  because  of  its  thinness  and  high 
vascul arity. 

A  single  wavelength  method  is  inadequate,  however,  because  the  volume  of 
blood  and  the  amount  and  pigmentation  of  the  intervening  tissue  also  affect 
transmittance.  The  addition  of  a  second  wavelength  that  has  equal  transmit¬ 
tance  through  oxygenated  and  deoxygenated  blood  was  suggested  (5,  6).  This 
second  wavelength  provided  a  reference  value  for  the  blood  and  tissue  volume 
but  still  could  not  account  for  tissue  effects. 

It  was  therefore  further  suggested  (7,  8)  that  a  transmittance  measurement 
be  made  at  both  wavelengths  on  the  "bloodless"  ear  by  squeezing  the  blood  from 
the  ear  and  that  these  values  be  used  to  correct  those  obtained  during  normal 
blood  flow.  While  this  technique  offered  considerable  improvement  (and  is  the 
basis  for  the  currently  available  ear  oximeter  made  by  Waters  Instruments, 
Inc.,  Model  0-1100A),  the  method  still  contains  significant  technical  and 
practical  difficulties  that  have  resulted  in  this  approach  receiving  limited 
clinical  acceptance.  These  difficulties  are  perhaps  even  more  significant 
with  respect  to  inflight  experimental  use. 

The  difficulties  are: 


1.  The  bloodless  ear  is  not  truly  bloodless  and  is  somewhat  difficult  to 
obtain. 


2.  The  optical  characteristics  of  the  tissue  of  the  compressed  ear  differ 
from  those  of  the  ear  in  the  normal  state. 

3.  Any  movement  of  the  ear  piece  results  in  a  different  optical  pathway; 
therefore,  new  bloodless  calibrations  must  be  frequently  obtained. 

4.  To  prevent  movement,  the  ear  piece  must  be  tightly  attached  and  the 
forces  required  to  do  so  may  impede  blood  flow. 

In  addition  to  these  hardware-oriented  problems,  high  blood  flow  in  the 
ear  is  required  at  all  times  so  that  "arteri al i zed"  blood  dominates  the  opti¬ 
cal  pathway.  This  high  level  of  blood  flow  requires  some  kind  of  stimulation 
of  the  ear,  such  as  by  rubbing,  chemicals,  or  heat. 

Little  had  been  reported  with  respect  to  further  improvements  In  ear  oxim¬ 
etry  prior  to  the  introduction  of  the  Hewlett-Packard  device  in  the  mid 
1970s. 


THE  HEWLETT-PACKARD  EAR  OXIMETER 

The  Hewlett-Packard  ear  oximeter  (Model  47201A)  employs  a  system  which 
measures  transmission  at  eight  wavelengths  between  650  and  1050  nm.  Ear 
hyperperfusion  is  maintained  with  a  heater  in  the  ear  piece.  This  system 
appears  to  eliminate  most  of  the  problems  associated  with  the  designs  that  use 
only  two  wavelengths.  A  mechanical  system  is  used  to  filter  the  high- 
intensity  light  source  into  the  eight  required  wavelengths  and  that  system 
adds  considerably  to  the  size  and  power  requirements  of  the  oximeter. 

A  universal  calibration  which  converts  the  eight  transmission  levels  to 
percent  oxygen  saturation  has  been  obtained  through  clinical  trials  and  is 
incorporated  in  the  internal  calculations  of  the  machine.  A  detailed  descrip¬ 
tion  of  the  device  is  available  (9),  and  a  number  of  papers  on  both  the  clini¬ 
cal  use  (10-17)  and  the  experimental  use  (1,  2,  18)  of  this  equipment  have 
been  published  since  its  introduction.  As  noted  above,  although  successfully 
used  in  centrifuge  experiments,  the  Hewlett-Packard  device  does  not  meet  the 
inflight  specifications. 


OTHER  EAR  OXIMETERS 

The  USAFSAM  has  undertaken  the  development  of  two  wavelength  (640  and  805 
nm)  ear  oximeters  (19,  20).  However,  these  devices,  although  technically 
sophisticated,  apparently  did  not  solve  the  fundamental  problem  of  probe  move¬ 
ment.  In  addition,  the  later  device  (20)  was  shown  to  be  G-sensitive,  with 
this  sensitivity  being  attributed  to  lamp  filament  effects  (21). 

The  National  Aviation  and  Space  Administration  (NASA)  has  also  reported  an 
ear  oximeter  device  of  conventional  two  wavelength  design  (640  and  790  nm), 
including  an  occluder  for  the  bloodless  calibration  (22).  No  information  is 
given  on  movement  artifact  in  the  referenced  document.  The  design  and  devel¬ 
opment  of  the  Hewlett-Packard  ear  oximeter  also  grew  out  of  research  initiated 
by  NASA  on  multiple  wavelength  devices. 


RELATED  TECHNOLOGIES 

Closely  related  to  the  technology  employed  in  ear  oximetry  are  the  in 
vitro  determination  of  blood  oxygen  saturation,  invasive  fiber  optic  methods, 
and  reflectance  oximetry. 

The  in  vitro  approaches  utilize  blood  withdrawn  from  the  body,  and  trans¬ 
mission  is  again  measured  near  640  and  800  nm  as  in  the  two  wavelength  ear 
oximeter  (23).  In  this  application  the  interference  of  the  ear  tissue  is,  of 
course,  eliminated  and  the  method  is  in  widespread  commercial  use  (e.g.,  24). 
Three-wavelength  in  vitro  devices  are  also  available  (e.g.,  the  ILCO-Oximeter) 
with  the  third  wavelength  providing  increased  accuracy  and  elimination  of 
carbon  monoxide  interference.  In  the  fiber  optic,  invasive  method,  an  arte¬ 
rial  catheter  is  introduced  and  the  colorimetric  measurement  is  made  in  the 
flowing  bloodstream  (25)  (e.g..  Corning  Oximetrix  system  which  uses  three 
wavelengths  (26)).  Direct  measurement  with  an  arterial  p0£  electrode  is  also 
possible  (e.g.,  1BC  In-viv-OX),  as  well  as  mass  spectrometer  techniques  using 
an  arterial  catheter  (e.g.,  Searle  Medspect).  Neither  of  these  methods  is 
consistent  with  the  USAFSAM  requirement  for  noninvasive  measurements. 

In  reflectance  oximetry  the  same  principles  employed  in  ear  oximetry  are 
used,  but  in  this  case  the  light  is  reflected  from  the  skin  rather  than  trans¬ 
mitted  through  it.  This  method  has  been  known  for  some  time  (27)  and  although 
it  has  continued  to  be  reported  (28),  it  has  not  seemed  to  have  found 
practical  use.  The  primary  problem  is  the  consistent  extraction  of  useful 
information  from  the  back  scattered  light  intensities  due  to  the  variable 
effects  of  tissue  pigmentation,  local  tissue  anatomy,  and  blood  volume. 

All  of  the  two-wavelength  optical  devices  discussed  above  use  a  wavelength 
near  800  nm  for  the  compensating  channel  and  a  red  wavelength  near  640  nm  for 
oxyhemoglobin  detection.  More  than  two-wavelength  devices  cover  a  similar 
portion  of  the  spectrum  (the  Hewlett-Packard  device  covers  650  to  1050  nm) . 
Perhaps  a  more  useful  isobestic  region  exists  between  1200  and  1400  nm  (29). 
This  region  coincides  with  high  skin  transparency  and  independence  from  skin 
pigmentation. 


POTENTIAL  FOR  INFLIGHT  EAR  OXIMETRY 

The  Hewlett-Packard  ear  oximeter  lias  proved  to  be  a  very  useful  and  reli¬ 
able  device  but,  as  noted  above,  its  current  technology  is  not  suitable  for 
inflight  use  as  envisioned  by  USAFSAM,  and  redesign  would  not  seem  to  be  fea¬ 
sible. 

The  fact  that  the  traditional  two-wavel ength  ear  oximeter  has  received 
little  acceptance  for  clinical  use  because  of  fundamental  problems  in  this 
measurement  technique  suggests  that  further  development  for  inflight  use  will 
not  be  fruitful.  At  this  time  there  does  not  seem  to  be  any  way  to  overcome 
the  need  for  the  bloodless  ear  measurement,  and  even  with  this  calibration 
step,  the  problem  of  ear  piece  movement  is  likely  to  be  very  difficult  to 
overcome.  Certainly  any  development  proposal  in  this  area  should  address 
these  particular  points  in  depth. 
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The  potential  for  using  the  isnbestic  region  above  1  ?0f»  n;:i  nay  be  worthy 
of  further  development  in  that  the  available  report  suggests  that  it  nay  elim¬ 
inate  the  tissue  artifact  iri  the  usual  two-wavelength  device. 


ALTERNATIVE  TECHNOLOGIES 

A  relatively  recent  development  in  noninvasive  arterial  oxygen  measurement 
is  the  transcutaneous  oxygen  electrode  (30).  These  devices  employ  a  combina¬ 
tion  heating  element  and  a  membrane-sealed  oxygen  electrode  contained  in  a 
single  transducer  head  which  is  placed  on  the  skin  surface.  The  heating 
element  is  necessary  to  induce  local  hyperemia  so  that  arterialized  blood  will 
be  available.  Oxygen  in  this  arterialized  blood  equilibrates  across  the  skin 
surface  and  the  membrane.  At  least  three  commerical  versions  of  this  type  of 
system  are  available  (31  ,  32,  33).  The  major  emphasis  in  the  use  of  these 
devices  is  in  the  monitoring  of  newborns  with  a  secondary  clinical  interest  in 
adult  intensive  care  (30).  The  advantage  in  newborns  is  their  thin  skin, 
which  allows  wide  latitude  in  transducer  placement.  In  adults  a  relatively 
thin  region  must  be  selected  such  as  the  area  behind  the  ear.  This  equipment 
is  far  less  cumbersome  and  has  much  lower  power  requirements  than  the  Hewlett- 
Packard  ear  oximeter  (Table  1)  and  may  be  more  amenable  to  modification  for 
inflight  use.  Also  shown  in  Table  1  are  the  data  for  the  Waters  ear  oximeter 
and  the  July  1978  USAFSAM  specifications. 


TABLE  1.  A  COMPARISON  OF  SIZE,  WEIGHT,  AND  POWER 
REQUIREMENTS  OF  VARIOUS  OXIMETRY  SYSTEMS 


Ear  oximeters 

Transcutaneous 

USAFSAM 

Hewl  ett- 
Packard 

Waters 

i 

London 

Litton 

1 

Roche 

Requi rements 
(Appendix  A) 

Si  ze(  inn) 

191 x425x425 

119x279x295 

150x290x300 

109x177x178 

165x356x359 

—  —  — 

cm^ 

34,500 

9,800 

13,050 

3,400 

21,000 

197 

Weight(kg) 

16.7 

7.3 

6.8 

I 

1.7 

13 

0.45 

Power (VA) 

160 

20 

28 

33 

1 

51 

sel f- powered 
4  hours 

USAFSAM  SPECIFICATIONS 
July  1978  ( F33 61 5-7 9-R-0606 ) 

These  specifications  (34)  (Appendix  A)  for  an  ear  oximeter  may  be  improved 
with  respect  to  contractor  acceptance  by  the  following  changes  or 
considerations: 


1.  The  title  ("Noninvasive  Instrumentation  for  Inflight  Determination  of 
G-Stress")  is  possibly  misleading  and  should  be  changed  to  reflect  the 


actual  aim  which  is  to  measure  arterial  blood  oxygen  saturation,  i.e., 
"Noninvasive  Instrumentation  for  Inflight  Determination  of  Arterial 
Uxygen  Saturation." 

2.  The  words  "ear  oximeter"  should  not  be  used  in  the  specification  since 
there  may  be  more  desirable  alternative  methods. 

3.  The  size,  weight,  and  power  requi rements  need  to  be  reconsi dered  with 
respect  to  the  possibility  of  having  the  i nstrumentati on  package 
attached  to  the  aircraft  rather  than  the  pilot. 

4.  If  3  is  not  feasible,  then  the  size,  weight,  and  power  requi rements 
should  be  noted  as  restrictive  but  left  open  to  be  included  in  the 
proposal . 

5.  All  proposals  should  address  the  historical  problems  with  the  proposed 
technology  and  the  specific  means  by  which  the  proposer  intends  to 
overcome  these  problems. 

6.  In  any  future  specification  it  will  be  important  to  recognize  the  dif¬ 
ference  in  expectations  between  a  basic  development  effort  and  the 
actual  ability  to  deliver  a  working  device. 


RECOMMENDATIONS 

As  a  result  of  this  study  it  is  recommended  that: 

1.  USAFSAM  consider  the  use  of  the  transcutaneous  oxygen  measurement 
beginning  with  a  centrifuge  test  of  the  commercial  versions  of  this 
technology.  If  successful,  it  appears  much  more  likely  that  this 
approach  could  be  configured  to  meet  inflight  requirements  than  pres¬ 
ent  ear  oximetry. 

2.  USAFSAM  consider  supporting  a  feasibility  study  of  an  ear  oximeter 
using  the  above  1 200- nm  isobestic  region. 

3.  USAFSAM  reconsider  the  possibility  of  allowing  the  instrumentation  to 
be  aircraft  rather  than  pilot  mounted. 

4.  USAFSAM  release  a  new  specification  based  on  the  recommendations  con¬ 
tained  herein  in  order  to  ascertain  current  interest  and  capabilities. 
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APPENDIX  A 


USAFSAM  bPLC  H  I  CAT  IONS  FOR  AN  1NFL1GHI  FAR  OXIMHER 


SECTION  K  DESCRIP F LON/SPLC1 FiCAl lUNb  31  July  1978 

TITLE:  NON  INVASIVE  INSTRUMENT  A! ION  FUR  INFLIGHT  DETERMINATION  OF  G- STRESS 

1.0  INTRODUCTION 

1.1  The  United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM) 
possesses  an  inflight  physiolooical  monitoring  device  which  consists 
of  an  instrumented  oxygen  mask,  and  man-mounted  sensors,  which  input 
to  a  cassette  recorder  positioned  in  available  pockets  of  the  crew¬ 
member's  survival  vest.  The  system  provides  multiplexed  analog 
recording  of  data,  presently  configured  to  provide  records  of 
i  nspi  red  ,/expi  red  flow,  i  nspi  red/expi  red  oxygen  concentra  t  i  ons,  elec¬ 
trocardiogram,  cabin  pressure,  accel erati on ,  time-code,  and  voice  con- 
muni  cation.  I  hr  present  procure merit,  seeks  to  supplement  these  Oata 
with  additional  record  of  the  pi  lot's  arterial  oxygen  saturation. 

2.0  SCOPE 

2.1  The  contractor  shall  furnish  the  necessary  personnel,  services,  equip¬ 
ment  and  facilities  to  design,  fabricate,  bench-test  and  deliver  a 
bread-board  and  a  miniature  oximeter  for  use  with  the  inflight  physio¬ 
logical  monitor. 

2.2  The  effort  will  be  divided  into  three  phases.  Phase  I  will  include 
the  system  design.  Phase  II  will  include  fabrication  and  test  of  a 
bread-board  model.  Phase  III  will  include  the  fabrication  of  the 
miniature  oximeter. 

3.0  GENERAL  BACKGROUND 

3.1  Subjects  exposed  to  sustained  acceleration  forces  exhibit  a  lowered 
arterial  oxygen  saturation  which  is  caused  by  decreased  efficiency  of 
the  cardiopulmonary  system.  Pilots  of  high  performance  aircraft  are 
subjected  to  these  forces  and  it  is  necessary  to  obtain  a  measurement 
of  the  arterial  oxygen  saturation  inflight  to  determine  the  extent  of 
the  oxygen  level  reduction.  This  reduction  could  cause  a  performance 
decrement  or  possibly  the  loss  of  consciousness.  The  USAFSAM  has 
measured  the  arterial  oxygen  saturation  of  subjects  as  they  were 
exposed  to  acceleration  forces  on  the  centrifuge.  These  measurements 
were  made  using  a  Hewl ett-Packard  Model  47 201 A  ear  oximeter. 

4.0  TECHNICAL  RE0UI REMENTS/TASKS 

4.1  Characteri sti cs  required  of  the  end  product  include  the  following. 
The  bread-board  device  shall  conform  to  all  of  the  requirements  except 
paragraph  4.1.1. 
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4.1.1  Size  and  .weight:  lh»*  total  device  sru  H  ikO;  v.eigii  •  um  o  than  16  oz. 
The  size  of  the  power  and  electronics  unit  slid  11  riot  exceed  12  cubic 
i nches. 

4.1.2  tower'  roqui  roment  s :  Ihe  device  shall  be  self-powered  lor  a  period  of 

4  hours, 

4.1.3  Output  parameters:  The  device  shall  be  sensitive  to  arterial  oxygena¬ 
tion  of  a  human  subject  in  the  range  from  bO  to  100  .  The  device 
will  produce  an  electrical  voltage  from  U  to  j  volts  to  represent  the 
measured  value.  The  output  current  capability  shall  be  great  enough 
to  drive  a  load  of  1U  kilohms  or  greater, 

4.1.4  Operational  environment:  Ihc  device's  behavior  and  accuracy  shall  be 
as  specified  herein  when  exposed  to  changes  in  ambient  pressure  from 
sea  level  tc  an  altitude  of  50,000  feet,  humidity  from  5  to  95  RH, 
temperature  from  U°C  to  85°C  and  acceleration  forces  from  -30  to  *120. 

4.1.5  Drift:  The  device  shall  be  ble  with  long-term  drift  less  than  1 
saturation  per  hour. 

4.1.6  Accuracy:  The  device  accuracy  shall  oe  greater  than  -  3.7  satura¬ 
tion. 

4.1.7  Response  time:  If  the  measured  oxygen  saturation  changes  as  a  step 
function,  the  device  output  shall  respond  taster  than  an  exponential 
curve  which  is  asymptotic  to  the  step  function  change  and  has  a  time 
constant  of  2.5  seconds. 

4.1.8  The  device  shall  operate  on  a  subject  who  is  wearing  standard  flight 
safety  equipment  including  helmet  and  oxygen  mask.  The  device  shall 
also  operate  without,  this  equipment. 

4.1.9  System  safety:  The  device  shall  be  safe  for  using  in  a  fighter  ai  r- 

craft  cockpit  and  not  pose  a  hazard  to  the  pilot.  A  system  safety 
program,  including  hazard  analyses,  must  be  performed  ar>a  documented 
in  accordance  with  M1L-S1U-882.  Specific  compliance  with  K1L-STD-461A 
“Electromagnet!' c  I ntorferonce  Character! sties:  Requi  remen ts  for 

Equipment"  (1  Aug  66)  is  required  also  for  safety/compatibility  with 
cockpit  navigation  aids.  The  prime  objective  in  a  system  safety  pro¬ 
gram  is  to  formalize  an  approach  to  eliminate  hazards  through  engi¬ 
neering,  design,  education,  management  policy,  and  supervisory  control 
for  the  optimum  degree  of  safety  within  the  constraints  of  operational 
effectiveness,  time  and  cost  throughout  all  phases  of  the  equipment's 
life  cycle. 

4. 1.9.1  If  a  part  of  the  device  is  placed  over  the  outer  layer  of  clothing  or 
over  or  under  the  helmet,  that  part  shall  be  designed  to  prevent  in¬ 
jury  in  the  case  of  canopy  jettison,  or  pilot  ejection.  Unrestrained 
cables  or  other  parts  of  the  device  could  cause  injury  when  propelled 
by  the  high  speed  wind  blast. 


4.1.{>.2 


4.1 .10 


4.1.11 


4.2 


4.2.1 


4.2.2 


4.2.3 


Ine  device  shell!  not  restrict  the  blood  circulation  nor  cause  irrita¬ 
tion  or  pain  tv)  the  subject  during  a  tour- (4)  nour  flight  containing 
frequent  high  ;i  maneuvers  (maxi muni  lOG). 

.a  1 1 hr jt i on;  T^e  device  shall  be  calibrated  using  standard  electronic 
test  equipment  er  special  equipment  supplied  ov  the  contractor.  If 
the  device  Must,  be  jrfjusted  for  subject  variation  (skin  pigmentation 
ar  t  ra'-smi  ssi  v  i  t  v  ) ,  this  adjustment  must  be  maintained  when  power  is 
turned  ctf.  I*m  ■,  adjustment.  shall  not  require  more  than  5  minutes  to 
complete.  it  an  adjustment  is  required  after  power  is  turned  on,  it 
shall  he  completed  onboard  the  aircraft  with  portable  equipment  in 
less  than  one  minute’. 

Reliability  and  mai ntai nabi 1 ity :  The  study  snail  specifically  include 
:onsi  derations  of  reliability  and  mai ntai nabi 1 i ty  (R4M).  R<&M  studies 
will  be  based  upon  sound,  practical  engineering  judgement,  experience 
and  available  data.  No  reliability  testing  program  needs  to  be  under¬ 
taken  as  part,  of  this  study  or  evaluation.  An  evaluation  of  the 
potential  rel i ah i 1 i ty/ma i ntai nabi 1 i ty  of  the  equipment  as  compared 
with  existing  devices  performing  a  like  function  shall  be  made  and 
predictions  of  the  estimated  mean- time-to-fai lure  of  the  equipment 
shall  be  included  in  the  final  report.  The  evaluation  shall  be 
sufficient  to  afford  a  Dasis  for  determining  realistic  and  meaningful 
rel i abi 1 i ty/ma i ntai nabi 1 i ty  requirements  for  the  equipment. 

In  Phase  I  (approximately  3  months  in  length)  the  contractor  shall 
prepare  the  initial  design  and  provide  a  written  report  describing  the 
design.  A  preliminary  design  review  will  be  held  at  the  contractor’s 
facility  after  receipt  of  the  report.  USAF3AM  personnel  must  review 
the  intended  design  approach  before  the  ( ontract  way  proceed  beyond 
Phase  I . 

In  Phase  II  (approximately  8  months  in  length)  the  contractor  shall 
assemble,  bench-test  and  deliver  the  bread-board  device.  The  contrac¬ 
tor  shall  also  prepare  a  test  plan  that  may  be  used  to  evaluate  the 
prototype  device.  The  device  shall  be  delivered  to  USAFSAM  for  vali¬ 
dation  testing  in  conjunction  with  existing  components  of  the  inflight 
monitor  system.  USAFSAM  will  furnish  facilities  and  support  personnel 
essential  to  the  conduct  of  each  test.  The  device  performance  will  be 
evaluated  using  the  Hewlett-Packard  Model  47201 A  ear  oximeter  as  the 
standard.  The  test  will  be  completed  20  working  days  after  receipt  of 
device.  The  contractor  shall  submit  an  interim  technical  report  at  or 
before  the  delivery  of  the  bread-board  device.  The  report  shall  sum¬ 
marize  the  design  and  performance  data. 

A  critical  design  review  (COR)  shall  be  held  at  the  contractor's 
facility  approximately  one  week  after  the  completion  of  the  breadboard 
tests.  USAFSAn  personnel  must  review  the  final  design  approach  before 
the  contract  may  proceed  beyond  Phase  II. 

In  Phase  III  (approximately  f>  months  in  length)  the  contractor  shall 
use  concepts  and  materials  approved  at  the  (.DR  to  assemble,  bench-test 
and  deliver  an  end-product  device  meeting  all  cf  the  performance 
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sped f Ications  of  4.1.  Delivery  of  the  functional  device  and  neces¬ 
sary  technical  information  in  the  form  of  a  final  report  will  end 
Phase  111  and  fulfill  all  contract  requirements. 

SECTION  G  -  PRESERVATION/PACKAGING/PACK Iflti 

The  contractor  shall  provide  preservation,  packaging  and  packing  which 
shall  afford  adequate  protection  against  physical  damage  during  shipment 
for  all  deliverable  items  in  accordance  with  LEVEL  C  of  MIL-STD-794. 


